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Introduction
Onion (Allium cepa L.) is target vegetable crop worldwide. The harvested area is about 4 million ha with yields greater than 85 million tons and a productivity of 20 thousand kg ha -1 in 2013, being China and India the main producing countries (FAOSTAT, 2015) . Onion quality is related to the external appearance, bulb size, color, flavor, firmness and chemical composition (Grangeiro et al., 2008) . These attributes are defined by factors such as genotype, pre-harvest management, proper harvesting time and post-harvest treatments (Finger & Casali, 2002) . Quality parameters as onion bulb pungency level and/or sweetness can be modified due to irrigation strategy (Enciso et al., 2009) , postharvest treatment (Nega et al., 2015) , K application (Deshpande et al., 2013) or salt stress (Coca et al., 2012) . For many years, in order to improve the productivity of crops as onion it was common to increase the planted area and/or use uncontrolled quantities of synthetic fertilizers (Ayala & Rao, 2002) .
However, over the years, these practices have led to soil depletion, environmental contamination and deforestation, resulting in a large ecological imbalance, affecting the sustainability of the land and food security (Suthar, 2009) . Intensive agriculture has been questioned and new strategies have been adopted to improve productivity with a reduction in production costs, increased efficiency of inputs and without compromising environmental sustainability. In this context, the use of humic substances (HS) has been proposed as a viable alternative (Calvo et al., 2014) . Quaggiotti et al., 2004) , auxine-like effects (Quaggiotti et al., 2004; Rodda et al., 2006; Zandonadi et al., 2007) , increased concentration of chlorophyll (Baldotto et al., 2009; Ertani et al., 2011) and net photosynthesis (Canellas et al., 2002; ) are the most commonly reported effects of HS on plants. The use of HS also has effect on the quality of crops, affecting concentrations of solids and soluble sugars (Lima et al., 2011), carbohydrates (Aminifard et al., 2012) and starch (Canellas et al., 2002; Ertani et al., 2011; Nardi et al., 2007) .
In onion, humic substances can affect both, yield and quality of bulbs. Feibert et al. (2003) reported that soil HS application promoted crop yield and Sajid et al. (2012) observed more productivity and nutrient concentration in onion when HA was added at rates of 2 kg ha -1 at sowing. Similarly, foliar application of 18.5% HA increased total and marketable yield of bulbs as well as enhanced average weight of bulbs and its soluble sugars content (Kandil et al., 2013) . Different results have been described related to the influence of the method of HS application tested. Parandian and Samavat (2012) found that the immersion method was more effective than pulverization on nutrient uptake and soluble sugar concentration in Lilium. In contrast, Osman et al. (2013) observed positive effect of foliar application of HS in rice. Other authors found that applications of HA as both, foliar or soil treatments, significantly increased yield, total soluble sugars and chlorophyll content in pepper (Karakurt et al., 2009) . With reference to HS application rates, Sajid et al. (2012) showed best performance for most of the growth and yield parameters in onion when fertilized with 2 kg ha -1 of HA instead of 1 or 3 kg ha -1 .
separately or interacting, on yield and nutrient composition of onion bulbs. Special attention was paid to the levels of main carbohydrates (starch and sugars), proteins and proline in bulbs as well as to their mineral analysis.
Materials and methods

Plant material and growth conditions
The (Agroganadera Pirapey S.A., Itapúa, Paraguay)) and 8 t ha -1 of organic matter (N = 14.4 g kg -1 ; P = 10.6 g kg -1 ; K = 11.3 g kg -1 ; Ca = 31.7 g kg -1 ; Mg = 6.8 g kg -1 ; C = 384 g kg -1 ; pH = 7.1; C/N = 27.6). This fertilization was proposed by Raij et al. (1996) . The soil was a Latosol red-yellow alico with clay texture (Embrapa, 2006) 
Growth parameters and water status
At final harvest, ten plants of each treatment were randomly selected and bulb fresh weight (FW), bulb dry matter (DM) and mean productivity (MP) were determined. Mean productivity was estimated by measuring the fresh weight of ten bulbs and multiplying by 222,222 plants ha -1 (planting density). Bulb DM was determined after drying at 80 °C until weight was constant. Water content (WC) of bulbs was calculated: (FW of bulb -DM of bulb)/ DM of bulb, and expressed as g of water g -1 DM.
Starch, total soluble sugars (TSS), total soluble proteins (TSP) and proline in bulbs
Starch, total soluble sugars (TSS), total soluble proteins (TSP) and proline were quantified in potassium phosphate buffer (KPB; 50 mM, pH 7.5) extracts of dry bulbs (0.5 g) (n=5 bulbs). These extracts were filtered through four cheesecloth layers and centrifuged at 38720 g for 10 min at 4 :C. The pellet was used for starch determination 
Mineral analyses
For phosphorus, potassium, magnesium, calcium, manganese, iron, zinc and copper analyses, samples (0.5 g DM) of three bulbs per treatment were dry-ashed and dissolved in HCl according to Duque (1971) . Mineral concentrations were determined using a Perkin Elmer Optima 4300 inductively coupled plasma optical emission spectroscopy (ICP-OES) (Perkin Elmer, Massachusetts, USA) and standards were supplied by Merck KGaA (Darmstadt, Germany). The operating parameters of the ICP-OES were: radio frequency power, 1300 W; nebulizer flow, 0.85 L min -1 ; nebulizer pressure, 30 psi; auxiliary gas flow, 0.2 L min -1 ; sample introduction, 1 mL min -1 and three replicates per sample.
Carbon and nitrogen content was determined in bulb samples (n=5) previously dried at 60 :C over 48 h and weighed. One mg aliquots were weighed in small tin capsules and, C and N determinations were carried out with an Elemental Analyser (EA) (CarboErba, Milan, Italy).
C isotopic composition (δ 13 C)
The carbono isotope composition was determined in three biological replicates ground to powder, weighed (1.0 mg per sample, n=5 bulbs) and stored in tin capsules. δ 13 C of the samples was determined using a Flash 1112 Elemental Analyzer (CarboErba, Milan, Italy) coupled to an IRMS Delta C isotope ratio mass spectrometer through a Conflo III Interface (Thermo-Finnigan, Bremen, Germany). Results of carbon isotope ratio analyses are reported as per mile (‰) on the relative δ-scale, as δ 13 C and refer to the V-PDB (Vienna Pee Dee Belemnite) international standard according to the following equation:
Where R is the 13 C/ 12 C ratio.
Statistical analysis
Data were subjected to a two-factor ANOVA (factorial 2 x 3, Assistant Beta 7.7).
The variance was related to the main factors, different application methods of humic substances (IM+FP or just FP) and different doses of humic substances (0, 10 and 20 mL L -1 when plants were immersed and 0, 1 and 2 mL L -1 for FP) and to the interaction between them (Method × dose). Means ± standard errors (SE) were calculated and, when the F ratio was significant, the Tukey´s test was applied. Tests were considered significant at p< 0.05.
Results
Growth parameters and water status
Data shown in Table 1 showed the greater water content of bulbs.
Starch, total soluble sugars (TSS), total soluble proteins (TSP) and proline in bulbs
Concentrations of starch in bulbs were always clearly lower than those of TSS ( The significant effect of HS addition and the interaction between the two studied factors was verified for proline (dose, p< 0.01 and method x dose, p< 0.01 for proline) (Fig. 1) . Onions that had grown without HS addition showed the highest proline concentration, independently of the method of application tested.
Mineral analyses
Data shown in Table 2 indicate the significant effect of the dose of HS added and the interaction with the application method (dose, p< 0.01 and method x dose, p< 0.01) in P, K, Ca, Mg, Fe, Mn and Na. Nevertheless, the method how HS were applied did not modify concentrations of P, K, Fe, B and Na in bulbs (method, p> 0.05 
Carbon and nitrogen content and C isotopic composition
Results of C and N concentrations are represented in Table 3 . Nitrogen and carbon levels in bulbs were not affected by any of the factors and no significant differences were observed when HS were added, with mean values of 1.96% and 42.24% respectively. The highest value of carbon to nitrogen ratio was found in control plants subjected to IM+FP treatment (26.43), which significantly differed from the treatment 20IM+2FP with the lowest value (19.43).
The data on Table 3 indicate that the two main factors assessed in the study influenced δ 13 C in onion bulbs (method, p< 0.01 and dose, p< 0.01). Obtained data showed that compared with the corresponding FP treatment, plants subjected to immersion (IM+FP) were more depleted in δ 13 C. In relation to the HS application, regardless of IM, treatments with 1 and 2 FP reduced
Discussion
In the present study the application of humic substances promoted growth, productivity and quality of onion. The values of bulb FW and mean productivity of 10IM+1FP plants were greater than the data described by Bettoni et al. (2012) Asli and Neuman (2010) , the over-application of HA reduced shoot growth, transpiration and resistance to water stress in maize. In agreement with those findings, the fact that plants fertilized with HS were less depleted in 13 C, highlighted that those plants had lower transpiration rates. δ 13 C has been frequently described as an integrator of stomatal opening, transpiration and photosynthetic performance of several crops (Araus et al., 2003; Peuke et al., 2006; Yousfi et al., 2010 Yousfi et al., , 2012 . In agreement with those studies, the fact that plants fertilized with HS showed fewer reductions in 13 C at final harvest reveals that stomatal opening in those plants was lower, with the consequent diminishment in transpiration and photosynthetic rates.
The positive effect of HS on plant growth and productivity is probably related, in part, to their auxin-like activity (Nardi et al., 2002) . Auxins activate the H + -ATPase of the plasma membrane, acidifying the apoplast and activating enzymes that act directly on the cell wall, allowing greater plasticity of this, leading to cell elongation (Aguirre et al., 2009; Quaggiotti et al., 2004; Rodda et al., 2006; Schiavon et al., 2010; Silva et al., 2011a; Zandonadi et al., 2007) . Plant growth enhancement may also be due to the presence of polyamines, such as putrescine, spermidine and spermine found in HS (Young & Chen, 1997) , that act as growth regulators of plants (Kumar et al., 2007) . On the other hand, Dobbss et al. (2007) Ertani et al., 2011) . Moreover, increased nutrient uptake due to HS application has been linked to increased foliar content of some aminoacids (Schiavon et al., 2010) .
In contrast, proline levels were greater when plants were not fertilized with HS.
This result can be attributed to a metabolic imbalance. In cabbage, similar results were observed, with an accumulation of proline in plants grown under a conventional system in comparison with ones that received humic substances (Vilanova & Da Silva Junior, 2010) . Plants under unfavorable growth conditions or metabolic imbalance mobilize carbohydrates for the synthesis of proline (Díaz et al., 2012) . In a field study with pistachio subjected to salt stress, humic acids ameliorated negative effects on Calvo et al., 2014) . This fact could also contribute to the increase of nutrient content of onion bulbs.
Eradication of 'hidden hunger' (a term used to describe the malnutrition inherent in human diets that are adequate in calories but lack in vitamins and/or mineral nutrients such as Ca, Mg, Fe, Zn, Cu, Se or I), represents a target aspect for food security programs (White & Broadley, 2009 However, concentrations of N and C in onion bulbs have not been affected due to HS application. Addition of HS can improve the photosynthetic capacity of plants (Calderín et al., 2012; Canellas et al., 2002) . According to our results, this fact can be explained by the mobilization of carbon for the synthesis of other compounds such as sugars and starch as explained before. Likewise, HS may increase plant uptake of N (reviewed by Calvo et al., 2014) . According to Fatideh and Asil (2012) , onion bulb size and weight are increased with intensification of amount of nitrogen fertilizer, while our data showed increased bulb biomass related to greater levels of proteins in plants that received HS. In addition to isotope analyses, the greatest accumulation of 13 C was observed when HS were applied by foliar pulverization, which means that bulbs were considered preferred sinks for photoassimilates when compared to other treatments (Silva et al., 2011b) .
Conclusions
Humic substances fertilization appears as valid horticultural technique for Table 1 Yield parameters and water status in onion bulbs after foliar pulverization (FP) or immersion plus foliar pulverization (IM+FP) with different doses of humic substances (HS) (0, 10 and 20 mL L -1 HS for IM and 0, 1 and 2 mL L -1 HS for FP). Values are means ± SE (n= 10). Within each parameter data followed by the same letter indicate that values are similar (p < 0.05).
ANOVA: ns = not significant; *, ** and *** = significant at p < 0.05, p < 0.01 and p < 0.001, respectively. FW = fresh weight; DM = dry matter; WC = water content; MP = Mean productivity.
Table 2
Concentrations of mineral nutrients in onion bulbs after foliar pulverization (FP) or immersion plus foliar pulverization (IM+FP) with different doses of humic substances (HS) (0, 10 and 20 mL L -1 HS for IM and 0, 1 and 2 mL L -1 HS for FP). Table 3 Concentrations of nitrogen, carbon, carbon to nitrogen ratio and isotope 13 C in onion bulbs after foliar pulverization (FP) or immersion plus foliar pulverization (IM+FP) with different doses of humic substances (HS) (0, 10 and 20 mL L -1 HS for IM and 0, 1 and 2 mL L -1 HS for FP). Values are means ± SE (n= 5). Within each parameter data followed by the same letter indicate that values are similar (p < 0.05). ANOVA: ns = not significant; *, ** and *** = significant at p < 0.05, p < 0.01 and p < 0.001, respectively.
